Abstract Objectives The Kangaroo method helps promote maternal breastfeeding and adequate growth of low birthweight preterm infants. The objective of this study was to analyze the association between weight-gain velocity during use of the Kangaroo method and maternal and infant variables. Methods A nested cross-sectional study in a cohort of newborn infants managed using the Kangaroo method was carried out at a reference center for the method in Brazil. Data on low birthweight and preterm infants managed using the Kangaroo Method (n = 78) and on their respective mothers (n = 70) was collected between January and July 2014. Maternal and infant variables were associated and correlated with weightgain velocity (g/kg/day) at each phase of the method (p \ 0.05). Results Mean weight-gain velocity increased from 0.12 ± 11.11 g/kg/day in the first phase to 13.47 ± 4.84 g/ kg/day in the third phase (p \ 0.001), and percentage of adequate weight increased at phase 3 (p \ 0.001). Birthweight was inversely correlated with weight-gain velocity at phases 1 and 2 of the Kangaroo method. Birthweight of under 1500 g was associated with a lower likelihood of inadequate weight-gain velocity of the newborn at phase 1 (OR = 0.1; 95 % CI 0.01-0.78; p = 0.012). In phase 3, maternal age was directly correlated with weight-gain velocity. Conclusions Weight-gain velocity was associated with maternal (age) and infant (gestational age at birth, birthweight, weight for gestational age at birth, length of hospital stay and five-minute Apgar score) variables. Knowledge of the factors influencing weight-gain velocity and its behavior at each phase of the method can help guide conduct toward potentializing factors that promote adequate weight-gain.
Introduction
The Kangaroo method (KM) is recommended by the World Health Organization (WHO) as an alternative to conventional care for preterm and low birthweight newborn infants (NB) that promotes humanized conduct and direct skin-to-skin contact between mother and infant whenever possible (Brasil 2013; WHO 2012) . First developed and implemented in Colombia, by the doctor Edgar Rey, in the 70 s, the KM emerged as an alternative to conventional hospital care, due to the lack of resources such as incubators, and high rates of infection and maternal abandonment (Conde-Agudelo and Belizán 2011). Although it has since been used more often in situations of limited resources and low-income countries, it should be more widespread worldwide because of its innumerous benefits, such as increased breastfeeding rates and reduced risk of complications and hospitalization (Rodgers 2013) .
KM consists of three phases which evolve according to criteria of clinical stability, weight-gain of NB and maternal and family safety in the care of the newborn. The first phase may begin pre-natally but more often commences immediately after birth during the infant's stay at the neonatal unit. The second phase also takes place within the hospital when mother and NB share the same ward and experience the process of care, learning and maternal breastfeeding more intensely. The third phase involves outpatient follow-up after hospital discharge when the NB has met the pre-requisites of clinical and nutritional stability, having reached greater physiological maturity (Brasil 2013; WHO 2012) .
Prematurity is considered one of the leading causes of perinatal mortality (Goldenberg and McClure 2015) , and the KM can significantly reduce mortality in preterm and low birthweight NBs, lowering mortality rates during infancy and promoting the practice of exclusive maternal breastfeeding (WHO 2012) . The KM also plays a key role in reducing cases of hypothermia and sepsis and in shortening hospital stays (Conde-Agudelo and Belizán 2011) . In addition, the method improves growth as well as motor and mental development compared to conventional care (Bera et al. 2014) .
Anthropometry is typically used for assessing growth of preterm NB, with weight being the most commonly employed measure. Weight-gain velocity (g/kg/day) is widely used for monitoring weight gain (Senterre and Rigo 2012; Olusanya and Renner 2011; and is useful for assessing nutritional adequacy over a given time period (Cardoso-Demartini et al. 2013) . Thus, this reference parameter helps diagnose growth deficits, allowing changes in the nutritional and health status of NB to be identified (Jones et al. 2013; Tudehope et al. 2012) .
Preterm NBs are at higher risk of fetal growth restriction and post-natal growth deficits, which may be associated with subsequent adverse outcomes in neurodevelopment (Tudehope et al. 2012) . However, despite the importance of awareness of the growth process, its monitoring is often neglected during the hospital stay, a period which may be lengthy in preterm NB (Sassá et al. 2011; Anchieta et al. 2004a) .
Few studies assessing weight-gain velocity using the Kangaroo Method are available (Lamy Filho et al. 2008; Freitas and Camargo 2007) , while those analyzing the three phases are even scarcer (Penalva and Schwartzman 2006) . Against this background, the objective of the present study was to analyze the association between weight-gain velocity during the three phases of the Kangaroo Method and maternal and NBs variables.
Methods
A nested cross-sectional study (Medronho 2009 ) in a cohort of preterm and low birthweight NBs managed by the KM was performed at the Assis Chateaubriand Maternityschool of the Federal University of Ceará, situated in Fortaleza, Ceará, Brazil. The school is a reference center in gynecology, obstetrics and neonatology, and is a Human Milk Bank, constituting one of the first centers for KM training in Brazil (Brasil 2013 ). The KM is not the standard of care in the hospital. The Unit of Intermediate Kangaroo Care-UCINCa, where the second and third stages of the method are conducted, has five beds, and the mothers and respective NBs are selected according to specific criteria, established by the method, also respecting the availability of the mothers.
Participants
The study population comprised all preterm and low birthweight NBs and their respective mothers undertaking all three phases of the KM, giving a total of 78 NB and 70 mothers, since eight deliveries involved twins.
Inclusion criteria were low birthweight (LBW) infants (birthweight \2500 g) and preterm (gestational age at birth \37 semanas) who were in the third phase of the KM and accompanied by the mother. That is, the mothers and their newborns were addressed in the third stage of the method.
The study was approved by the Research Ethics Committee of the State University of Ceará, Brazil and all women gave informed written consent.
Data Collection Procedure
Data collection was carried out between January and July 2014, using a questionnaire asked by the main researcher and answered by the mothers of NB during the out-patient visit in the third phase of the KM. Together with the information collected at the interview, data from previous stages was collected from medical records and the pregnant women's cards. Weight-gain velocity was considered an dependent variable. The independent maternal variables were: age, schooling and parity. The NB variables were: gestational age at birth, birthweight, classification of weight for gestational age at birth, Apgar score, and duration of each stage in days.
Regarding to maternal age, the WHO classification (WHO 2006) was used, according to which adolescents are defined as individuals C10 and\20 years of age. Thus, the participating mothers were classified as either ''adolescent'' when aged \20 years or ''non-adolescent'' when aged C20 years.
In the present study, NB were stratified into two categories: moderate pre-term (32 to \37 weeks) and very preterm (\32 weeks), based on WHO recommendations (WHO 2012) .
For birthweight, given that all NB had low birthweight (\2500 g), the classifications of low weight (C1500 g) and very low weight (\1500 g) were used in this study, also based on WHO recommendations (WHO 2010).
For classification of NB according to weight for gestational age at birth, the intrauterine growth curve of was used, specific for preterm infants and differentiated for sex. NBs were therefore distributed into three categories: small for gestational age-SGA (\10th percentile), large for gestational age-LGA ([90th percentile) or appropriate for gestational age-AGA (between 10th and 90th percentiles).
Apgar scores at birth were classified according to the cut-off points B7 and [7 (AAP et al. 2006) .
For the analysis of the length of hospital stay variable, corresponding to the time in days for phases 1 and 2 of the KM, cut-off points were established based on the mean of the normal distribution for this variable, with two categories defined: 3 to 17 days and 17.5 to 50.5 days.
Weight-gain velocity was assessed in g/kg/day, according to the formula used in the studies of and Senterre and Rigo (2012) :
This rate was applied to all NBs at each phase of the method (first, second and third) in order to classify weightgain velocity into adequate or inadequate. Adequate weight-gain was considered an average daily gain of C15 g/kg/day whereas inadequate was \15 g/kg/d, based on the recommendation of Jones et al. (2013) who established a parameter of 15-20 g/kg/day.
The weight measurements of NB were taken within the maternity unit routinely at birth and daily thereafter throughout the hospital stay. In the third phase, weight measurements were taken at each visit.
Data Analysis
Data were analyzed using simple frequencies and percentage for the categorical variables and as mean and standard deviation for quantitative variables, for both mother and NB. Epidemiological measurements of odds ratio and confidence interval (95 % CI) were also calculated.
Associations and correlations of maternal variables and NB variables with weight-gain velocity were analyzed for the three phases of the KM, using odds ratios, and applying Fisheŕs exact test and McNemaŕs test to determine the dependence of weight-gain velocity of one phase on another. Spearmańs correlation coefficient (rs) was used for continuous variables. Comparisons of measures of central tendency for weight-gain velocity at each phase of the KM were calculated using Friedmańs test, followed by Conoveŕs test.
Multivariate linear regression was performed (Y = a ?
, using as outcome variable weight-gain velocity during phase 3 of the KM. As independent variables related to the mother, we used: age, education, parity, and related to NB: Apgar, gestational age, weight in phase 3 and length of phase 3. The model used was the ''backward''. We used the phase 3 of the KM for this analysis because at this stage the infant is out of the hospital, in stable clinical conditions, which enable better environment for the investigation of the influence of the independent variables selected.
For all statistical analysis, a p value\0.05 was considered statistically significant. Data were processed using the statistical package SPSS version 20 (license no 10101131007).
Results
The mean age of mothers was 25.23 ± 7.3 years, 28.6 % (n = 20) of whom were adolescents. Most mothers had studied to middle school level (64.3 %, n = 45) and were primiparous (72.9 %, n = 51) ( Table 1) .
Most of the NBs were classified as AGA (66.7 %; n = 52), were moderate preterm (78.2 %; n = 61) and weighed C1500 g (71.8 %; n = 56). 55.1 % (n = 43) of NBs attained an Apgar score [7 at 1 min and 92.3 % (n = 72) at 5 min (Table 1) .
Mean overall duration of the KM was 51.81 ± 20.74 days, with mean duration of the first phase of 19.74 ± 19 days, second phase of 9.83 ± 5.92 days and third phase of 22.05 ± 10.8 days.
Mean weight-gain velocity rose during the course of the three phases of the method, with first phase growth of 0.12 ± 11.11 g/kg/day, second phase of 7.62 ± 6.24 g/ kg/day and third phase growth of 13.47 ± 4.84 g/kg/day in the third phase, with a statistically significant difference between mean gains (p \ 0.001).
It was observed that the percentage of NB with weightgain rate classified as adequate increased from 6.4 % in the first stage to 44.9 % in the third stage (Table 2) .
Weight-gain velocity in phase 1 was inversely correlated with gestational age at birth (r = -0.550; p \ 0.001) and with birthweight (r = -0.792; p \ 0.001) ( Table 3) .
In phase 2, weight-gain velocity was inversely correlated with Apgar score at 5 min (r = -0.227; p = 0.046) and with birthweight (r = -0.243; p = 0.032) ( Table 3) .
In phase 3, weight-gain velocity was proportionally inversely correlated with length of hospital stay in phase 1 (r = -0.291; p = 0.010) and was directly proportional with maternal age (r = 0.293; p = 0.009), Apgar score at 5 min (r = 0.243; p = 0.032), and with gestational age at birth (r = 0.279; p = 0.013) ( Table 3) .
Multivariate regression analysis showed that the NBs weight-gain velocity on phase 3 of the KM was directly proportional influenced by maternal age (b coefficient = 0.248, p = 0.001) and gestational age at birth (b coefficient = 0.603, p = 0.004), and inversely proportional by weight on phase 3 (b coefficient = 0.009, p = 0.001) ( Table 4) .
In the first phase of the KM, a birthweight \1500 g reduced the likelihood of the NB having inadequate weight-gain velocity during phase 1 (OR = 0.1; 95 % CI 0.01-0.8; p = 0.012) ( Table 5) .
Classification of the NB as SGA proved a protective factor for likelihood of the NB having inadequate weightgain velocity in phase 3 (OR 0.28; 95 % CI 0.10-0.75, p = 0.010) ( Table 5 ).
Discussion
Weight-gain velocity during the KM behaved differently during each of the phases and exhibited rising values during the course of the phases. This fact is important in alerting health teams to the factors which may influence the growth on each phase, guiding the conduct for contributions to a more adequate growth.
In the first phase, mean weight-gain velocity was below the recommended rate (0.12 ± 11.12 g/kg/day) and only approached adequacy (13.47 ± 4.84 g/kg/day) during the third phase. Penalva and Schwartzman (2006) found negative weight gain (-8 g/day) during the ICU stay in the first phase of KM. It is reported in previous studies that most NBs, especially preterm NBs, experience up to 20 % weight loss during the first week of life, a phenomenon which depends on the maturity, birthweight and presence of clinical complications, which can cause metabolic stress and catabolism. Return to the initial birthweight and subsequent steady expected gain of 15 g/kg/day only occurs after 10-20 days of life, with a tendency for faster increase in this weight under adequate clinical and nutritional conditions Cardoso-Demartini et al. 2013; Freitas and Camargo 2007) . During the second phase of the KM, although the NB remains hospitalized, improved growth velocity patterns were found in the present cohort (7.62 ± 6.24 g/kg/day), since the NB is adapting to the stressed conditions experienced during the ICU stay in the first phase and begins to have more contact with the mother, receiving greater stimulus (Freitas and Camargo 2007) . Freitas and Camargo (2007) found a weight-gain velocity in the 1st stage of 9 g/Kg/day and in the 2nd stage of 13.2 g/Kg/day. Lamy Filho et al. (2008) found the same rate during the 2nd stage. Anchieta et al. (2004b) studied preterm NB AGA not involved in the KM and found weight-gain velocity values ranging from 11.5 to 18 g/kg/day, higher the lower the birthweight and showing reduction over lifetime. Senterre and Rigo (2012) found over a period of 3 to 42 days of life, weight-gain velocity rate of 15.4 and 16.0 g/kg/day in extreme premature NB and very premature NB, respectively.
In the present study, the closest value to the adequate minimum stipulated by Jones et al. (2013) (15 g/kg/day) was only attained in the third phase of the method, when NBs showed a mean gain of 13.47 ± 4.84 g/kg/day. A gradual increase in the percentage adequate velocity was observed from phases 1 and 2 (hospital stay) to phase 3. The third phase took place outside the hospital setting, during which the infant was in a less critical setting, remaining in direct contact with the mother and the whole family.
With regard to associations and correlations of weightgain velocity at each phase of the KM with maternal and NB variables, the results of phases 1 and 2 indicated that the lower the birthweight, the greater the weight-gain velocity. In addition, during the first phase of the KM, the likelihood of the NB having adequate weight-gain velocity was greater in NBs with birthweight \1500 g. According to Olusanya and Renner (2011) , greater velocity is strongly associated with low birthweight and IUGR, being indicative of the ''catch-up'' phase of growth. It was observed that in phase 3 of the method, where NB weighting less continued to show a higher weight-gain velocity than those with higher weight. Sassá et al. (2011) observed an association between lower-than-expected weight gain and birthweight C2500 g and the non-occurrence of associated low weight and prematurity. The authors hypothesized, based on this finding, that prematurity and low weight have a positive effect on weight increase. This raises the possibility, according to the autors, that these NBs are submitted, owing to their clinical condition and maturity, to intensive and frequent care by the clinical team in a hospital setting, allowing early detection and intervention in the event of anomalies. Anchieta et al. (2004b) , observing preterm AGA NBs, found that infants with lower birthweight had higher weight-gain velocity than those with high birthweight, with the former tending to catch-up with the latter, revealing the ability to recover from the growth deficit. The authors observed faster growth rate in the first 4 weeks of life when NB growth velocity peaks, after which a normal rate of growth is maintained. From the sixth week, a tendency for slowing of growth rates was observed. In the present study, gestational age at birth showed a significant proportional inverse correlation with weightgain velocity in phase 1. Akin to the variable birthweight, it is evident that under stress conditions such as low birthweight or preterm birth, together with clinical complications resulting from physiological immaturity, increased weight-gain velocity may reflect a compensation mechanism to make up for the growth deficit, constituting a catch-up phase (Olusanya and Renner 2011; Anchieta et al. 2004b) .
A proportional inverse correlation was also found between Apgar score at 5 min and growth velocity in phase 2 of the KM. Penalva and Schwartzman (2006) observed that lower birthweight was associated with poorer Apgar scores at first and fifth minutes.
Unlike in phase 1, during phase 3 of the KM, after hospital discharge, a significant directly proportional correlation was found between gestational age at birth and weight-gain velocity. It was also found that gestational age influenced in direct proportion weight-gain velocity in phase 3 of KM. At this juncture, NBs have better clinical and nutritional condition, which are prerequisites to advance to the 3rd phase (Brasil 2013) , and are no longer exposed to the stressors of the previous phases, including physiological immaturity, clinical complications, distance from the mother.
Also, a directly proportional correlation of Apgar at the fifth minute with growth velocity in phase 3 was observed. According to Penalva and Schwartzman (2006) , birthweight, gestational age and Apgar scores are determinants for better clinical, nutritional and motor evolution of preterm NBs managed with KM.
With regard to weight for gestational age, a different pattern was found in which NBs classified as SGA at birth had a greater likelihood of having adequate weight in the third phase of the KM. According to Anchieta et al. (2004a) , SGA NBs tend to lose less weight and recover more rapidly than AGA NBs, and also have larger head circumference measurements.
Growth velocity in phase three was proportionally inversely correlated with length of hospital stay in phase 1, during which the NB is more susceptible to clinical complications. Longer hospital stay may impact NB development, and therefore the shortest hospital stay possible is desirable, where the KM serves as a strategy to achieve this (Freitas and Camargo 2007) .
Also in phase 3, weight-gain velocity was directly correlated with maternal age and was influenced in direct proportion by this variable. During this phase of the KM, mothers are at home caring for their children on their own or with the help of relatives, returning to hospital only for regular scheduled visits until the infant reaches 2500 g. Data reveals that pregnant adolescents tend to come from low-income households and have nutritional deficiency, being more likely to give birth to preterm and low weight babies that do not survive the first year of life (UNFPA 2013). In the study by Lakew and Worku (2014) , following 110 NBs managed with KM, observed 100 % mortality among the four NB offspring of mothers aged under 18 years in the sample. The present study had several limitations, such as the small sample size and absence of analysis of the influence of clinical variables and of nutritional status in terms of energy-protein intake. One of the factors contributing to the low number of NBs was the specificity of the sample, number of beds at the UCINCa (only five), and also the fact that the unit had been closed immediately prior to data collection, initially reducing the number of returners for the third phase.
Nonetheless, it is important to emphasize that the study involved NB who took part in a 3-phase treatment model not available in all citý s hospitals, rendering the group special and conferring greater relevance to the study.
Conclusions for Practice
The weight-gain velocity of newborn infants managed by the KM showed a higher percentage of adequacy in phase 3 than in phases 1 and 2. There was an inversely proportional correlation of weight-gain velocity with gestational age at birth and birthweight in phase 1; with Apgar score at 5 min and birthweight in phase 2; and with length of hospital stay in phase 3. Weight-gain velocity was also proportionally directly correlated with maternal age, Apgar at 5 min and gestational age at birth in phase 3. Being born SGA was found to be a protective factor against inadequate weightgain velocity in phase 3. A birthweight of under 1500 g reduced the likelihood of the NB having inadequate weight-gain velocity in phase 1.
Knowledge of the factors influencing weight-gain velocity, and how this behaves at each phase of the method, can help guide conduct toward reducing the negative influences and potentializing factors that promote adequate weight-gain.
